Emboli in retinal arteries may occur in the absence of any visual symptoms. Sometimes they may be seen during or after an attack of temporary visual loss; at other times tb"y. are observed in patients with established uniocutirt field defects. Emboli may be composed of fibrin-platelet aggregates, cholesterol fragments, particles of calcified cardiac valve' or other less common material such as mixed or infected thrombus, neoplasm, fat, air or foreign material. Amaurosis fugax is most commonly ascribed to retinal embolism although other causes may also be important.2 3 There are a few descriptions of the passage of white emboli through the retinal circulation during attacks of transient visual loss.4' Fibrin-platelet emboli of this type usually arise from mural thrombus in the internal carotid artery formed on the surface of an atheromatous plaque or ulcer. The duration of attacks is usually short and corresponds to the passage of an embolus through the retinal circulation; these emboli are rarely observed.
Witmer and Schmid6 reported cholesterol crystals in retinal arterioles but Hollenhorst7 first recognised and stressed the significance of these shiny yellow plaques in retinal arterioles of patients with atherosclerotic carotid disease, who may suffer transient visual loss. Cholesterol emboli lodge at points of branching of retinal arterioles or at the lamina cribrosa. Over days or weeks they fragment and disappear or are dispersed into the peripheral retina. They may be seen on routine ophthalmoscopy after an episode of transient visual loss and fluorescein angiography shows that the emboli are no longer obstructing blood flow through the vessel; the reason for this lies in the flat shape of the cholesterol crystal which tends to impact with its long axis in the direction of flow. On other occasions cholesterol emboli may cause permanent visual loss or create a localised giant cell foreign body reaction in the wall of the artery.
Calcific emboli are derived from degenerate cardiac valves; they usually result in permanent visual loss of fibre bundle type. Such an embolism is white, nonrefractile and usually single; it tends to persist indefinitely in the retinal circulation and rarely causes recurrent attacks.
Patients and methods
The 85 patients had been seen at St Thomas' Hospital Medical Eye Unit between 1973 and 1984. Clinical details were obtained from case notes; these included presenting symptoms and signs, the presence of hypertension (diastolic blood pressure equal to or greater than 110 mm Hg or on treatment), ischaemic heart disease (angina or previous myocardial infarction), intermittent claudication, diabetes mel- Unilateral carotid bruits were present in 18 patients and bilateral in a further six. Carotid angiography, performed in 48 patients, showed carotid disease in 39 (including all the surgical group). This consisted of stenosis of the internal carotid artery in 15 patients, irregularity in 14, occlusion in seven, aneurysm of the internal carotid artery in one and irregularity of the siphon in two patients. The echocardiogram was abnormal in 15 of 35 patients. Hypertensive changes were seen in seven patients, aortic valve abnormalities in four and mitral valve abnormalities in four.
The emboli were single in 55 fundi and multiple in 15 (one patient had emboli in both fundi). The distribution of the cholesterol emboli is summarised in table 3. Forty-seven of the 91 cholesterol emboli were noted in the temporal field or on the disc. The visual acuity had deteriorated to 6/18 or worse in 24 of the eyes in which cholesterol emboli were observed. The pattern of field loss is summarised in table4.
Carotid endarterectomy was performed on 11 patients. In three cases the endarterectomy was performed on the side opposite the retinal emboli as this contralateral stenosis was considered to be critical or Fibrin-platelet embolus A fibrin-platelet embolus was noted in one patient. In this patient a carotid bruit was audible and carotid angiography revealed a stenosis of the internal carotid artery. There was no permanent visual loss. This patient underwent carotid endarterectomy.
MORTALITY
Cholesterol emboli (non-surgical group) Sixteen (27.6%) of the group have died, the commonest cause of death was cerebrovascular disease (nine patients), the other causes were myocardial infarction (three patients), pulmonary disease (three patients), and ruptured aortic aneurysm (one patient). At 6 years of follow up, in the non-surgical group, the estimated mortality rate for the observed population was 31-4% compared with an expected mortality for a matched population of 13-5% (p = 0028) (fig 1) . The observed mortality after six years in males was 38-4% compared to an expected rate of 18-4% and in females 12-5% compared with an expected rate of 14-5%. The mortality from fatal stroke after 6 years in the observed group was 21-9% compared to an expected mortality of 1 8% (fig 2) . This is a significant difference in mortality from fatal stroke (p < 0-001). The incidence of cerebrovascular accident (fatal and non-fatal) in the observed population was 249% after 6 years, compared to an expected incidence (Oxfordshire Community Stroke Project) for first 6 fugax" which occurs in young patients and appears to be unrelated to atherosclerosis. non-fatal) for
The incidence of death over the 6 years following tion with visual the observation of a cholesterol embolus was 2-3 'th the expected times the expected incidence in an age and sex i Oxfordshire, matched population (p = 0 028). This is greater than the excess mortality found in patients with amaurosis fugax.12 At 6 years the incidence of fatal stroke was 12 times greater than expected (p < 0-001) and the Ice is significant total incidence of stroke was nine times greater than infarction (three the expected incidence for first stroke quoted by the ly different from Oxfordshire Community Stroke Project9 (p < 0-001). hed group.
There were 10 strokes during the first 6 years of follow the follow up up, that is an average stroke rate of 2-9% per annum. Iuded continued This is a much greater increase in stroke incidence irther transient than was observed in patients with amaurosis fugax12 both amaurosis although the incidence of fatal cardiac events was not (three patients) significantly increased. vo patients).
Pfaffenbach and Hollenhorst'3 published a follow up study of 208 previously reported patients14 with embolic cholesterol crystals in the ocular fundus; iboli who under-12-0% of these patients presented with visual symp-,tients have died, toms, 29-3% with stroke and 36-5% with other maniid one due to a festations of generalised atherosclerotic vascular disas continued to ease. After 7 years 112 (53 8%) of the patients had died and by the end of follow up (up to 15 years) 135 (64-9%) had died. Eighty-one (38-9%) of the patients had died due to atherosclerotic cardiac disease while mboli have sub-only 14 (6 7%) suffered strokes. The explanation for t l infarction and the difference between this series and the present nt has suffered a study may lie in the pattern of presentation. In the ntinued to suffer series of Pfaffenbach and Hollenhorst only a small who underwent proportion of patients had symptoms related to the 11.
retinal embolus whilst all the patients in the present study had presented because of ocular symptoms. The prevalence of coexisting atherosclerotic vascular disbolus underwent ease and other risk factors were also greater in the ently suffered a series of Pfaffenbacher and Hollenhorst.
Savino, Glaser and Cassady15 reported a series of 86 patients who presented with branch or central reti-for every embolus seen in the retina many times that nal artery occlusion or in whom symptomless retinal number must have been carried to the brain. Foci of emboli were observed. Unspecified retinal emboli cerebral infarction in border zone territories have were visible in 49 fundi. The authors noted a highly been found in such patients and the surface pial artesignificant decrease in survival amongst the embolic ries may be occluded by successive accretion of chogroup when compared to an age and sex matched lesterol emboli.20 population and to the non-embolic group of patients,.
If it were possible to identify the source of Although cardiovascular disease was the most fre-embolism to a localised accessible region of the interquent cause of death, there was a significant four to nal carotid artery there would be good theoretical five fold' increase in stroke mortality. The finding of grounds for endarterectomy irrespective of whether an increased mortality and stroke incidence amongst or not the lesion was "haemodynamically patients with retinal emboli is comparable to the significant". Such a policy has been advocated2' present series.
although never subjected to a controlled trial.
The amount of visual loss due to retinal emboli is In the present series of 68 lar lumen to 50% or less. These have been shown to patients with permanent field defects, there was a be associated with high risk of cerebral ischaemic poor correlation between the position of the emboli events.23 and the field loss. This is because such emboli may not Although we did not include any patients in our cause a complete. obstruction and frequently break up study who did not have visual symptoms, there is no and are distributed to the peripheral vessels, whilst if doubt from previous reports that cholesterol emboli there is permanent visual loss the emboli impact at are a frequent incidental finding in those with corovessel bifurcations., nary or peripheral atherosclerosis. It remains to be A cardiac source for calcific emboli was demon-seen if investigation and surgical treatment of the strated in 11 of the 15 patients and in two patients carotid tree should be extended to these patients. there was evidence of coexistent carotid artery disease. Three patients suffered recurrent visual symp-We thank Richard Morris, Department of Commutoms and one suffered a further stroke but there were nity Medicine, for invaluable statistical advice and no deaths from cerebrovascular disease. Two patients Miss V Spencer for typing the manuscript. died from cardiovascular disease and the continued morbidity in this group supports the suggestion that these patients should be referred for cardiac evalu-Referenes ation since the occurrence of embolism may be an early sign that the diseased valve is breaking up and Russell RWR. Howard, Russell 
